TUMOURS of the cutaneous adnexal structures have been reported sporadically in the Syrian hamster (Mesocricetus auratus) (Strandberg 1987, Ghadially and Ghadially 1996) . Hair follicle tumours, notably trichoepitheliomas, have been described in laboratory hamsters in association with hamster polyomavirus (HaPV) infection (Percy and Barthold 1993 , Barthold 1996 , Scherneck and others 2001, Simmons and others 2001 and in mice with murine polyomavirus Py (strain PTA) (Dawe and others 1987). The incidence of such tumours in hamsters outside research laboratory colonies is unknown (Lipman and Foltz 1996) .
Western blot analysis
Western blot analysis was applied to serum samples from 13 hamsters, using recombinant HaPV antigens including entire antigens. Crude lysates of E coli M15pREP4 cells transformed with pQE-derived plasmids (Qiagen) expressing dihydrofolate reductase (DHFR) fusion proteins with entire HaPV-VP1 (Hassen and others 2000) , and HaPV-VP3 antigens (T. Voronkova, A. Grosch, A. Kazaks, V. Ose, D. Skrastina, K. Sasnauskas, B. Jandrig, W. Arnold, S. Scherneck, P. Pumpens, R. Ulrich, unpublished observations) and caesium chloride gradient-purified, yeastexpressed N-terminally extended HaPV-VP1 (Sasnauskas and others 1999) were analysed by immunoblot. The antigens were separated on a 15 per cent sodium dodecylsulphate polyacrylamide gel and electroblotted on to cellulose nitrate. As a control, a crude lysate of E coli cells expressing DHFR (pQE40 without insertion) was used. After blocking for two hours in 5 per cent dried milk/PBS/0·1 per cent Tween 20, the filters were incubated overnight with the hamster sera diluted 1:100. Before use the hamster sera were preincubated with a native crude lysate of E coli M15pREP4 cells transformed with pQE40. The secondary antibody was peroxidase-labelled anti-hamster immune globulin. The peroxidase-mediated staining was done by adding hydrogen peroxide and 4-chloro-1-naphthol (Sigma). DNA Skin samples from four hamsters (A1, B1, C7 and C8), were handled under sterile conditions to avoid inadvertent contamination with HaPV. They were disaggregated in digestion buffer (10mM TrisHCl pH 8·0, 1mM EDTA, 5mM sodium chloride, 1 per cent sodium dodecylsulphate, 250 µg/ml proteinase K) for two-and-a-half hours at 55°C. Total DNA was then isolated by standard phenol/chloroform extraction techniques (Sambrook and others 1989) . The DNA was quantified by measuring its OD at 260 nm (Lambda Bio; Perkin Elmer).
Preparation of total
Amplification of polyomavirus-specific DNA sequences by PCR The DNA samples were analysed by PCR, using a primer pair located in the late genomic region which was selected for the presence of only one or no mismatches of the HaPV and murine polyomavirus sequences 3135F: 5′-GGATTTTTCACCCATCTTTTTCTC-3′ (nucleotide positions, nt 3135-3158; X02449) and 4134R: 5′-GGATGCTTCCTTTAATTCTAGG-3′ (nt 4134-4155) (BioTez). For sequencing, additional internal primers were used. The PCR reaction conditions have been described by Prokoph and others (1997) Tables 2 and 3   † See Table 4 ‡ Also examined by transmission electron microscopy § Tissues examined elsewhere Sequence analysis of polyomavirus DNA sequences The primers were removed by using the PCR Purification Kit (Qiagen). The DNA sequences were analysed by direct sequencing of the PCR products, using the BigDye Terminators Cycle Sequencing Kit (Applied Biosystems), running on an ABI 377 sequencer. The nucleotide and amino acid sequences were aligned by using DNASIS 2.1 (Hitachi Software Engineering).
RESULTS

Histopathology
The histological findings in the skin biopsies from the nine hamsters biopsied by the authors were adnexal tumours with degrees of follicular differentiation consistent with trichoepithelioma (Fig 2) . In some areas there was an apparent disruption of clusters of tumour cells and a scattered chronic inflammatory infiltrate of lymphocytes and macrophages. In two of the five animals with skin tumours from colony D, lymphoma of the mesenteric and axillary lymph nodes was detected; lymphoma of the kidneys and thymus had previously been confirmed histologically in a further two animals from this colony which were examined elsewhere. A further 11 hamsters with skin tumours had similar histological changes. No viral inclusion bodies were visible by light microscopy and no particles were visible by TEM in either the epitheliomas or lymphomas.
ELISA using recombinant HaPV-VP1
All the 16 serum samples tested with the entire E coliexpressed proteins, and the 14 tested with the yeastexpressed HaPV-VP1 proteins, reacted, demonstrating the presence of HaPV-VP1-cross-reactive antibodies in all the hamsters (Tables 2, 3 ). They included 12 of 12 sera from affected hamsters and four of four unaffected in-contact animals. All but one (A1) were also highly reactive with shorter C-terminal regions of HaPV-VP1 (Table 2) . However, the observed titres were lower than those obtained with the E coli-expressed entire VP1. This difference could be due to the presence of additional epitopes in the entire VP1 protein that are lacking in the shorter VP1 segments. It could also be due to the fact that entire VP1 forms virus-like particles, and these form conformational epitopes which are not formed in the frCP/VP1 fusions.
In addition, the cross-reactivity of the sera with recombinant VP1 from other polyomaviruses was analysed (Table 3 ). The serum of A1 reacted very strongly with all VP1 derivatives from primate polyomaviruses, but the reactivity of the other sera was low or negative.
Immunoblot analysis using recombinant HaPV-VP1, HaPV-VP2 and HaPV-VP3 Immunoblot analysis using yeast-expressed entire, N-terminally extended HaPV-VP1 and E coli-expressed DHFR fusion proteins with entire HaPV-VP1, HaPV-VP2, and HaPV-VP3, was used to verify the ELISA data. As shown in Table 4 , 11 of 13 sera reacted with at least one recombinant HaPV protein (HaPV-VP2); two sera from colony B (B2 and B3) did not react with any recombinant protein. Nine of the 11 anti-VP2-positive sera also reacted with the recombinant HaPV-VP3 and six reacted with HaPV-VP1. As expected, all the VP3-reactive sera also reacted with VP2. In addition, there was a good correlation between the immunoblot reactivity of sera with E coliand yeast-expressed HaPV-VP1. Of six sera which were reactive with yeast-expressed VP1, five also reacted with E coliexpressed DHFR-VP1. Three sera which were reactive to VP1 were from in-contact unaffected animals. As expected, the negative control lysate (pQE40) failed to react with the serum samples. Some control sera from spontaneously HaPV-infected Z3 hamsters also reacted only weakly or did not react with VP1 (data not shown). (Hassen and others 1998) . However, all four sequences showed a single nucleotide exchange at C3346T which resulted in an amino acid exchange G246S. In addition, DNA from C7 and C8 showed one additional silent nucleotide exchange (A3917G) in comparison with A1 and B1 (at aa position 55, L).
Detection of HaPV
DISCUSSION
HaPV is a polyomavirus within the Polyomaviridae family (Scherneck and others 2001) . The infection of hamsters with the virus may take several forms; it may be subclinical, or it may be associated with abdominal and thoracic lymphoma, and epizootics can lead to high mortality rates, especially in young hamsters (Coggin and others 1985, Barthold 1996) . Infection at any age may be associated in up to 10 per cent of hamsters with skin tumours involving the hair follicle (Graffi and others 1968 ). There is a higher incidence of HaPV skin tumours when the infection is enzootic than when it is epizootic (Percy and Barthold 1993) . The skin disease can be diagnosed with certainty only by histological examination. In this study, up to 50 per cent of Syrian hamsters in different pet colonies were affected by multiple skin nodules, an observation similar to earlier reports of HaPV infections of Syrian hamsters in laboratory colonies (Percy and Barthold 1993) .
The evidence for the infection of the hamsters with a HaPVlike virus was obtained from immunological investigations and the detection of viral DNA sequences in the hamsters' tumours. ELISA and immunoblot investigations demonstrated the presence of antibodies which reacted with HaPV capsid proteins. By ELISA, 16 of 16 hamsters were found to contain antibodies directed against entire HaPV-VP1, and antibodies directed against the C-terminal region of HaPV-VP1 (aa 333-384) were also detected. These data are in agreement with previous investigations demonstrating that the C-terminal part of HaPV-VP1 is an immunodominant and cross-reactive epitope region (Hassen and others 2000) . Although the immunoblot was less sensitive in detecting only six of 13 ELISA-VP1 positive sera, the immunoblot reactivity of 11 and nine of 13 sera with E coli-expressed HaPV-VP2 and HaPV-VP3, respectively, provided additional support for an infection of the hamsters with HaPV or a related polyomavirus. The immunodominant nature of HaPV-VP2/3 is consistent with previous data showing that the majority of HaPV-infected hamsters contain antibodies directed against these proteins (Ulrich and others 1996) .
The immunological results were confirmed by the PCR amplification of viral DNA sequences in the hamster tumours which showed a high degree of homology to the prototype HaPV strain. However, minor nucleotide differences between the prototype HaPV sequence and the four new hamsterderived sequences have been detected, including a non-silent nucleotide exchange at C3346T (amino acid exchange G246S). A nucleotide sequence polymorphism has been found at the same position (presence of C and T at nt 3346) when analysing different cloned viral DNAs from a papilloma-bearing hamster (Hassen and others 1998) . This single nucleotide exchange (C3346T) was also recently described in a lymphomabearing hamster from a pet Syrian hamster colony in the USA (accession number AF073287) (Simmons and others 2001) .
In addition to minor nucleotide differences, in three hamster epitheliomas analysed so far, there was an 11 bp deletion in the viral DNA affecting the non-coding regulatory regions. Similar deletions have been observed in lymphomas induced by HaPV in HaP hamsters (Prokoph and others 1997, Scherneck and others 2001). The lymphomas did not contain virus particles but had accumulated different amounts of HaPV DNA characterised by non-random deletions which affected a common part of the non-coding regulatory region and a variable part of the late region. However, some deletions target exclusively the non-coding region of the viral genome. The absence of a full set of late mRNA in the lymphomas also indicates that the deleted viral genomes are defective and do not produce virus. To the authors' knowledge, this is the first description of such non-random deletions in epitheliomas. These data provide evidence that HaPV or a HaPV-like virus may be the agent inducing the skin tumours observed in these hamster colonies. The detection of the deleted viral DNAs might also explain why no virus particles were detected in the tumours. On the other hand, in murine polyomavirus (PTA)-induced thymomas, VP1 was expressed but no infectious viral particles were detected by electron microscopy (Sanjuan and others 2001). Further studies with antibodies raised against recombinant HaPV-VP1 antigens may detect the viral protein in the skin.
The incubation period for infection and the development of skin nodules is four to 18 months (Graffi and others 1968) and it is likely that a hamster colony will be enzootically infected by the time skin lesions are observed. There is no effective treatment for the infection, and no test that can accurately diagnose either the cases that are infected or those, already exposed, that will develop skin lesions later. Four of the animals without skin lesions were positive for HaPV-specific antibodies by serological testing. This finding supports the hypothesis that an apparent lack of lymphoma and a high prevalence of skin tumours is consistent with an enzootic infection in at least four of the five colonies.
The apparent resolution of the skin nodules in one hamster that had histologically confirmed adnexal tumours is very unusual, particularly because the spontaneous development and regression of skin tumours is uncommon in hamsters (Ghadially and Ghadially 1996) . Trichoepithelioma tumours are considered benign and do not metastasise. However, in some cases the number and size of the tumours can become very debilitating (Fig 3) . The deaths of several animals with this condition may have been due either to intercurrent disease or old age, but may have been associated with the large numbers of skin tumours. A postmortem examination should be considered for animals less than one year of age that have died suddenly or become acutely ill, especially when lymphoma is suspected.
Although the data clearly suggest that an infection with a HaPV-like virus was the cause of the skin tumours among these pet colonies, the origin of such an infection remains unknown. The virus is thought to be spread via the urine and is resistant to environmental decontamination. Disinfection products such as those used for parvovirus infection should be effective. In previous outbreaks of HaPV infection, all the hamsters in a colony were culled, the accommodation was disinfected and new stock was introduced. These procedures were essential because previous outbreaks had been associated with high mortality from the development of lymphoma. Once enzootic, HaPV infection is very difficult to eradicate. The apparent spread of skin disease through several colonies of hamsters suggests an infectious aetiology. There was no evidence either that the skin disease was associated with close genetic relationships between the affected hamsters, or that other viral infections might have led to such distinct skin tumours. Adnexal tumours are increasingly recognised in some colonies and by some commercial pathology laboratories.
The evidence supports a possible role for an infection with a HaPV-like virus.
